Role of protein dissociation in the transport of acidic amino acids by the Ehrlich ascites tumor cell.
The pH profile for the uptake of L-glutamic acid by the Ehrlich ascites tumor cell arises largely as a sum of the decline with falling pH of a slow, Na+-dependent uptake by System A, and an increasing uptake by Na+-independent System L. The latter maximizes at about pH 4.5, following approximately the titration curve of the distal carboxyl group. This shift in route of uptake was verified by (a) a declining Na+-dependent component, (b) an almost corresponding decline in the 2-(methylamino)-isobutyric acid-inhibitable component, (c) a rising component inhibited by 2-aminonorbornane-2-carboxylic acid. Other amino acids recognized as principally reactive with Systems A or L yielded corresponding inhibitory effects with some conspicious exceptions: 2-Aminoisobutyric acid and even glycine become better substrates of System L as the pH is lowered; hence their inhibitory action on glutamic acid uptake is not lost. The above results were characterized by generally consistent relations among the half-saturation concentrations of the interacting amino acids with respect to: their own uptake, their inhibition of the uptake, one by another, and their trans stimulation of exodus, one by another. A small Na+-dependent component of uptake retained by L-glutamic acid but not by D-glutamic acid at pH 4.5 is inhibitable by methionine but by neither 2-(methylamino)-isobutyric acid nor the norbornane amino acid. We provisionally identified this component with System ASC, which transports L-glutamine throughout the pH range studied. No transport activity specific to the anionic amino acids was detected, and the unequivocally anionic cysteic acid showed neither significant mediated uptake nor inhibition of the uptake of glutamic aic or of the norbornane amino acid. The dicarboxylic amino acids take the sequence, aspartic acid less than glutamic acid less than alpha-aminoadipic acid less than S-carboxymethylcysteine, in their rate of mediated, Na+-independent uptake at low pH. Diiodotyrosine and two dissimilas isomers of nitrotyrosine also show acceleration of uptake as the phenolate group on the sidechain is protonated, a result indicating that the acidic group need not be a carboxyl group and need not take a specific position in space to be accepted at the receptor site L. The presence of the carboxyl group does not upset the normal stereospecificity of System L until it falls on the beta-carbon in aspartic acid; even then it is the presence of the carbonyl group and not of the intact carboxyl group nor of its hydroxyl group that cancels out the stereospecificity, as was shown by the absence of normal stereospecificity for aspartic acid and asparagine and its presence in glutamic acid, homoserine and glutamine. In agreement, the uptak of aspartic acid is peculiarly sensitive to the presence of an alpha-methyl group or of other structures that modify the orientation of the sidechain.